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'UHFRQVWUXFWLRQDQGLQVLWXFKDUDFWHUL]DWLRQRIPLFURILOWUDWLRQPHPEUDQHVLQDQ
HQYLURQPHQWDOVFDQQLQJHOHFWURQPLFURVFRSH
33RHOW+5HLQJUXEHU$=DQNHO&0D\UKRIHU
*UD]8QLYHUVLW\RI7HFKQRORJ\$XVWULD
,QWURGXFWLRQ
0LFURILOWUDWLRQ PHPEUDQHV DUH XVHG LQ D JUHDW YDULHW\ RI DSSOLFDWLRQV VXFK DV ZDVWH ZDWHU
WUHDWPHQW ILOWUDWLRQ RI FROORLGV DQG SDUWLFOHV LQ WKH EHYHUDJH LQGXVWU\ RU JDV VHSDUDWLRQ WR
PHQWLRQ MXVW D IHZ RI WKHP %XW DOWKRXJK WKH EDVLF VWUXFWXUHV RI VXFKPHPEUDQHV OLNH SRUH
OHQJWKV DQG GLDPHWHUV DUH RQ WKH RUGHU RI P RU VPDOOHU PRVW WHVW PHWKRGV XVHG IRU WKHLU
FKDUDFWHUL]DWLRQ \LHOG RQO\ PDFURVFRSLF SDUDPHWHUV 7KLV LV WKH PRUH DVWRQLVKLQJ DV WKH
FRPSOH[LW\RIVXFKPHPEUDQHVLQFUHDVHVDQGWKH\RIWHQRIIHUDYHU\DV\PPHWULFSRUHVWUXFWXUH
,Q WKH IROORZLQJ WZRSURFHGXUHV WRJHWERWK LQIRUPDWLRQDERXW WKHPLFURVWUXFWXUHRISRO\PHULF
PHPEUDQHVDQGWKHLUEHKDYLRXULQFRQWDFWZLWKZDWHUZLOOEHSUHVHQWHG

,QVLWXXOWUDPLFURWRP\DQG'UHFRQVWUXFWLRQ
,PDJHV RI FURVV VHFWLRQV RI D PHPEUDQH UHFRUGHG E\ VFDQQLQJ RU WUDQVPLVVLRQ HOHFWURQ
PLFURVFRS\ 6(0 7(0 SURYLGH TXLFN DQG URXJK LQIRUPDWLRQ DERXW WKH DV\PPHWU\ RI D
PHPEUDQH DQG WKH SRUH VL]H GLVWULEXWLRQ >@ )LJXUH  VKRZV WKH FURVV VHFWLRQV RI WZR
PLFURILOWUDWLRQ PHPEUDQHV 7KH WZR GLIIHUHQW SDUWV RI WKH PHPEUDQH VHSDUDWLRQ OD\HU DQG
EDFNXS OD\HU FDQ FOHDUO\ EH GLVWLQJXLVKHG %XW VXFK ' LPDJHV FDQQRW SURYLGH VRXQG
LQIRUPDWLRQ DERXW SDUDPHWHUV OLNH YROXPH SRURVLW\ VSHFLILF VXUIDFH DUHD RU FRQQHFWLYLW\ %XW
WKHVHSDUDPHWHUVVWURQJO\DIIHFWWKHPHPEUDQHSHUIRUPDQFHDQGLWVSHUPHDELOLW\

' UHFRQVWUXFWLRQ RI VRIW PDWHULDOV E\ XVH RI HOHFWURQ PLFURVFRS\ LV D ORQJHVWDEOLVKHG
WHFKQLTXH%XWXQWLOQRZIRUWKLVSXUSRVHPDQXDOVHFWLRQLQJZLWKDQXOWUDPLFURWRPHDQGLPDJLQJ
RI WKHVOLFHV LQD WUDQVPLVVLRQHOHFWURQPLFURVFRSHZDVSHUIRUPHG7KLV LVD WLPHFRQVXPLQJ
SURFHGXUHDQGDOVRHUURUSURQHEHFDXVHDVXEVHTXHQWDOLJQPHQWRIWKH LPDJHVLVQHFHVVDU\
%XW6HULDO%ORFN)DFH6FDQQLQJ(OHFWURQ0LFURVFRS\6%)6(0DQRYHOPHWKRGGHYHORSHGE\
'HQN DQG +RUVWPDQQ >@ HQDEOHV QRZ DXWRPDWHG VHULDO VHFWLRQLQJ DQG LPDJLQJ ZLWK DQ
XOWUDPLFURWRPH PRXQWHG LQ DQ HQYLURQPHQWDO VFDQQLQJ HOHFWURQ PLFURVFRSH (6(0 $IWHU
UHPRYDORIDWKLQVHFWLRQWKHWKLFNQHVVFDQEHFKRVHQEHWZHHQDQGQPDQLPDJHRIWKH
QHZO\ FUHDWHGVXUIDFH LV UHFRUGHG7KXVDOO LPDJHVDUHDOUHDG\ DOLJQHG)LJXUHVKRZVD'
UHFRQVWUXFWLRQ ZLWK $YL]R )LUH RI WKH VHSDUDWLRQ OD\HU RI D PLFURILOWUDWLRQPHPEUDQH 1RZ
SDUDPHWHUVOLNHVSHFLILFVXUIDFHDUHDFRQQHFWLYLW\DQGYROXPHSRURVLW\FDQEHFDOFXODWHG>@

+RZHYHU VHFWLRQLQJ RI D SRO\PHULF PHPEUDQH E\ XOWUDPLFURWRP\ LV RQO\ SRVVLEOH DIWHU WKH
PHPEUDQH KDV EHHQ HPEHGGHG LQ UHVLQ WR SURYLGH WKH VDPSOH ZLWK VXIILFLHQW VWDELOLW\ 7KLV
FRXOGFDXVHDVZHOOLQJRIWKHPHPEUDQH$QGLIWKHPHPEUDQHGRHVQRWFRQWDLQDPXFKKLJKHU
R[\JHQ FRQWHQW WKDQ WKH UHVLQ RU LQRUJDQLF HOHPHQWV OLNH VXOSKXU RU FKORULQH VWDLQLQJ RI WKH
PHPEUDQH LV QHFHVVDU\ WR JHW D GLIIHUHQFH LQ FRQWUDVW EHWZHHQ PHPEUDQH DQG UHVLQ %\
VWDLQLQJWKHDGGLWLRQRIKHDY\DWRPVWRVSHFLILFVWUXFWXUHVLVPHDQW6WDLQLQJLVDOVRQHFHVVDU\LI
WKHPDWHULDO LV WRR VRIW DW URRP WHPSHUDWXUH WR EH FXW ZLWKRXW VPHDULQJ 2Q WKH RWKHU KDQG
VWDLQLQJFDQPDNHWKHPDWHULDOWRREULWWOHWREHFXWZLWKRXWGDPDJH
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
7R GLIIHUHQWLDWH LQ WKH LPDJH EHWZHHQ PHPEUDQH DQG UHVLQ QHFHVVDU\ IRU WKH '
UHFRQVWUXFWLRQ WKUHVKROG VHJPHQWDWLRQ KDV WR EH SHUIRUPHG %XW D FOHDUFXW FKRLFH RI WKH
UHVSHFWLYHJUD\YDOXHLVRIWHQQRWSRVVLEOHDQGWKLVZLOODOVRLQIOXHQFHWKHUHFRQVWUXFWLRQRIWKH
PHPEUDQHDQGWKHSDUDPHWHUVFDOFXODWHGIURPLW,Q)LJXUHWKHYDULDWLRQRIWKHUHVLVWDQFHRID
PHPEUDQHDFURVVLWVFURVVVHFWLRQLQGHSHQGHQFHRQWKHWKUHVKROGYDOXHFDQEHVHHQ

%XWD'UHFRQVWUXFWLRQLVRQO\SRVVLEOHIRUUDWKHUVPDOOYROXPHV7KXVLWLVWRTXHVWLRQZKHWKHU
WKLVYROXPHLVUHDOO\UHSUHVHQWDWLYHIRUWKHZKROHPHPEUDQH$FRPSDULVRQRIWKHSHUPHDELOLW\
RI PHPEUDQHV RQ WKH RQH KDQG FDOFXODWHG IURP ' UHFRQVWUXFWLRQV ZLWK WKH $YL]R ;/DE
+\GUR SDFNDJH RQ WKH RWKHU KDQGSURYLGHGE\ WKHPHPEUDQHPDQXIDFWXUHUV VKRZD QHDUO\
H[DFW PDWFK EHWZHHQ WKH UHVSHFWLYH YDOXHV 7KLV SRLQWV RXW WKDW DOVR RWKHU FDOFXODWHG
SDUDPHWHUVPD\EHUHOLDEOH

:HWWLQJDQGGU\LQJRIPHPEUDQHV
+RZHYHUD'UHFRQVWUXFWLRQRIDPHPEUDQHGRHVQRWSURYLGHFRPSOHWHLQIRUPDWLRQDERXWWKH
PHPEUDQHEHKDYLRXU$Q LQYHVWLJDWLRQ RI WKH LQWHUDFWLRQZDWHU ±PHPEUDQHPDWHULDO ±ZDWHU
YDSRXULVDOVRQHFHVVDU\7KHFKHPLFDOQDWXUHRIWKHSRUHZDOOVZKHWKHUWKH\DUHK\GURSKLOLFRU
K\GURSKRELFRUDPL[RIERWKDOVRLQIOXHQFHVVWURQJO\WKHIORZRIZDWHU

:LWKLQVLWXH[SHULPHQWVLQWKH(6(0WKHLQYHVWLJDWLRQRIWKHZHWWLQJDQGGU\LQJRIPHPEUDQHV
RQ D PVFDOH LV SRVVLEOH %RWKPLFURVFRSLF DQGPDFURVFRSLF SDUDPHWHUV FDQ EHPHDVXUHG
DQG ILQDOO\ FRUUHODWHG WR JHW PD[LPXP LQVLJKW LQWR WKH V\VWHP 2Q D ZHW FRROHG PHPEUDQH
GXULQJ WKH GU\LQJ WKH VLPXOWDQHRXVPHDVXUHPHQW RI WKH QXPEHU RI GU\ VXUIDFH SRUHV DQG RI
WKHLUPHDQGLDPHWHUDVDIXQFWLRQRIWLPHDQGWKHFKDQJHRIWKHWHPSHUDWXUHDWERWKPHPEUDQH
VXUIDFHV LV SRVVLEOH 7KH IRUPHU SURYLGHV LQIRUPDWLRQ DERXW WKH GU\LQJ SURFHVV DW WKH
PHPEUDQHVXUIDFHWKHODWWHUDERXWWKHGU\LQJRIWKHPHPEUDQHLQWHULRUDQGWKXVDOVRDERXWWKH
LQWHULRUVWUXFWXUHRIWKHPHPEUDQH:KHUHDVWKHPHPEUDQHVXUIDFHFDQEHGLUHFWO\REVHUYHGLQ
WKHPLFURVFRSH WKH WHPSHUDWXUHPHDVXUHPHQW VHUYHV DV D SUREH IRU WKHPHPEUDQH LQWHULRU
7KH YLWDO SRLQW LV WKH SRRU KHDW FRQGXFWLYLW\ RI WKH PHPEUDQH PDWHULDO LWVHOI 7KXV WKH
WHPSHUDWXUHDWGLIIHUHQWOD\HUVRIWKHPHPEUDQHLVGHSHQGHQWRQWKHLUZDWHUFRQWHQW

7KHH[SHULPHQWVZHUHSHUIRUPHGLQDQ(6(04XDQWD)(*)LJVKRZVWKHVHWXSRIWKH
H[SHULPHQWPRXQWHGDWWKHVSHFLPHQVWDJHRIWKHPLFURVFRSH7KHPHPEUDQHLVIL[HGEHWZHHQ
FRSSHUFODPSVZKLFKDUHFRROHGWR&7KHYDULDWLRQRIWKHSUHVVXUHLQWKHVSHFLPHQFKDPEHU
RI WKH PLFURVFRSH HQDEOHV WKH FRQWURO RI WKH ZHWWLQJ DQG GU\LQJ RI WKH PHPEUDQH %\
VXFFHVVLYHUHFRUGLQJRILPDJHVRIWKHPHPEUDQHVXUIDFHWKHQXPEHUVL]HDQGVL]HGLVWULEXWLRQ
RI GU\ SRUHV DV D IXQFWLRQ RI WLPH FDQ EH GHWHUPLQHG >@ %XW DOWKRXJK WKH VXUIDFH LV ILQDOO\
FRPSOHWHO\ GU\ WKHUH PD\ VWLOO EH ZDWHU LQVLGH WKH PHPEUDQH )LJXUH  VKRZV WHPSHUDWXUH
FKDUDFWHULVWLFV PHDVXUHG DW WKH PHPEUDQH VXUIDFH PLGZD\ EHWZHHQ WKH FODPSV ZLWK WZR
GLIIHUHQW WKHUPRFRXSOHV7KHVWHSVDQGVORSHVJLYH LQIRUPDWLRQDERXWERWK WKHGU\LQJSURFHVV
DQGWKHPHPEUDQHVWUXFWXUH>@,IDPHPEUDQHLVIRZOHGRUKDVFKDQJHGLWVVXUIDFHSURSHUWLHV
WKLVZRXOGFDXVHDFKDQJHLQWKHWHPSHUDWXUHFKDUDFWHULVWLF

%XWLIWKHWHPSHUDWXUHZDVPHDVXUHGZLWKDWKHUPRFRXSOHW\SH7WKHWHPSHUDWXUHGLGQRWGURS
DVORZDVLQPHDVXUHPHQWVZLWKDW\SH.WKHUPRFRXSOHVHH)LJXUH7KHPDLQGLIIHUHQFHLV
WKHKHDW FRQGXFWLYLW\ RI WKHFRQQHFWLQJZLUHV ,Q FDVHRI WKH W\SH7 WKHUPRFRXSOH WKHFRSSHU
ZLUHZLWKLWVJRRGKHDWFRQGXFWLYLW\FDXVHGDZDUPLQJRIWKHZKROHV\VWHP7KLVFRXOGDOVREH
FRQILUPHGE\ILQLWHHOHPHQWVLPXODWLRQV7KXVDFDUHIXOFKRLFHRIWKHWKHUPRFRXSOHVLVGHFLVLYH
IRUDUHOLDEOHWHPSHUDWXUHPHDVXUHPHQW
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&RQFOXVLRQ
,W FRXOG EHVKRZQ WKDW LQ VLWX H[SHULPHQWV LQDQHQYLURQPHQWDO VFDQQLQJHOHFWURQPLFURVFRSH
HQDEOHDWKRURXJKFKDUDFWHUL]DWLRQRIPLFURILOWUDWLRQPHPEUDQHV

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(6(0
ULJKW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